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We explore the possibility that the dynamics of the universe can be reproduced choosing appropri-
ately the initial global topology of the Universe. In this work we start with two concentric spherical
three-dimensional branes S3, with radius a1 < a2 immersed in a five-dimensional space-time. The
novel feature of this model is that in the interior brane there exist only spin-zero fundamental fields
(scalar fields), while in the exterior one there exist only spin-one fundamental interactions. As
usual, the bulk of the universe is dominated by gravitational interactions. In this model, like in the
Ekpyrotic one, the Big Bang is consequence of the collision of the branes and causes the existence of
the particles predicted by the standard model in the exterior brane (our universe). The scalar fields
on the interior brane interact with the spin-one fields on the exterior one only through gravitation,
they induce the effect of Scalar Field Dark Matter with an ultra-light mass on the exterior one. We
discuss two different regimes where the energy density and the brane tension are compared, with
the aim to obtain the observed dynamics of the universe after the collision of the branes.
PACS numbers: 04.50.+h
I. INTRODUCTION.
In the last part of the twentieth century, cosmology be-
came a precision science getting observational data with
an accuracy comparable with the data obtained through
the standard model. The last data arising from observa-
tions confirm that our universe is accelerating due to the
existence of some unknown type of energy and also re-
quires the existence of an unknown field that permeates
the universe and dictates the formation and evolution of
the structures at large scales. Both dark components of
the universe are not predicted by the standard model or
by the general theory of relativity either. This opens the
possibility to extend these theories to limits beyond the
current ones and to formulate new paradigms that pre-
dict new physics, under the condition that in the appro-
priated limits these new theories reproduce the current
standard observations. So far the best accepted candi-
date to be the dark energy of the universe is the cos-
mological constant Λ. It is well-known that observations
of the Cosmic Microwave Background Radiation (CMB)
and galaxies surveys fit very well with a small value of Λ.
The main problem is to relate Λ with some physical phe-
nomena. There are many interpretations for doing so, for
example, the most simple one is that the Einstein equa-
tions have two free constants, the gravitational one G
and the cosmological constant Λ. Here the cosmological
constant contains only a geometrical interpretation. We
fix Λ in the same way as we have fixed G, namely, using
cosmological observations. The problem here is that we
have now a theory with two coupling constants, giving
rise to the interpretation that the Einstein theory could
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not be the most fundamental theory for gravitation that
can exist. Other example is to relate the cosmological
constant with the vacuum energy of the universe. Here
the problem is that the values derived from any particle
physics models is many orders of magnitude too big (or
vanishes in some SUSY cases) compared with the one ob-
tained using astronomical observations [6]. From this in-
terpretation follows an incompatibility between the the-
ory of general relativity and the particle physics models
that we have to face on at this moment. There are some
other proposals where the space-time contains subspaces
embedded in a higher dimensional one, for example the
branes theory [2], the DGP model [10], Ekpyrotic [13],
[3] or cyclic universe [29], [23] in which it is proposed the
existence of a four dimensional manifold embedded in a
five dimensional bulk. It is important to mention that
in the last two models [13], [3] and [29], [23] the branes
move through the bulk and collide giving origin to the
Big Bang. The main goal of this work is to explore the
possibility that the dynamics of the universe follows from
its initial global topology. For doing so there are different
ways, but the idea here is the following:
1. We start with two three-dimensional branes embed-
ded in a 5-dimensional space-time, where the five
dimensional Einstein equations with cosmological
constant are fulfilled. For facility we will suppose
that the branes are three dimensional concentric
spheres S3 (FIG. 1) but this result can be gener-
alized to the other two homogeneous topologies R3
and H3. The initial conditions are such that the
interior brane has the scale factor a1 and the exte-
rior brane (where we live) has the scale factor a2,
with a1 < a2 (FIG. 1). For simplicity, each brane
have a common center.
2. We assume that matter is confined on the branes,
the matter content of the interior brane is a self
interacting scalar field (spin zero field) and of the
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2FIG. 1: Schematic representation of the interior and exte-
rior branes and the different values of the 5D cosmological
constant Λi i = 1, 2, 3 and the brane tensions σ.
exterior brane is the one of the standard model in-
teractions (spin one fields).
With these hypothesis we show that
1. The scalar field on the interior brane acts as an
inflaton, expanding this brane and provoking the
collision with the exterior one, which was in ther-
mal equilibrium before the collision. It follows a
big bang scenario like in the Ekpyrotic models.
2. It is possible to choose the free parameters of the
model such that after the collision, both branes ex-
pand together, (see equations (34) and (35)).
3. The fluctuations induced by the collision in the
scalar field provoke the potential wells that give rise
to the structure formation in the exterior brane,
acting as the seeds for the galaxies formation on
the brane where we live, via gravitational interac-
tion. After the collision the physics of the exterior
brane is close related with the Ekpyrotic and Cyclic
models [29], [28].
The main difference of this toy model with previous
ones is the hypothesis of the initial conditions and the
matter content of the branes. For example, after the
collision the exterior brane behaves in a very similar way
as in the model presented in [19]. The problem of this
last model is the reheating period, where it was not very
natural to reheat the Universe. In the model presented
here the reheating epoch is not necessary because the
heat of the Universe is consequence of the collision of the
branes, as in the Ekpyrotic model [29], [28].
It is important to mention that we let some open ques-
tions and use the results of previous works (see for exam-
ple [28], [29], [3], [23], [25]), the main goal of this work
is to show that there exist the possibility that the initial
topology of the Universe could reproduce its observed
dynamics.
This work is organized as follows. In section II we
present the model in detail and write the main field equa-
tions in section III. In section IV we present the different
possible scenarios and regimes of the model. In section V
we present the dynamics of the universe with this model
and in section VI we give some conclusions and remarks.
II. THE MODEL.
In this section we write the most important feature
of the model in a general way. Suppose two concentric
3-dimensional branes embedded in a 5-dimensional bulk,
(we use natural units c = } = 1). The shape of the action
to model this physical structure is given by
S =
∫
dX5
√−g(5)m3(5) (R(5) + Λ)
−
∑
±
∫
±
dx4
√
−g±
(
2m3(5)K
±+£±
)
, (1)
being± the exterior or interior region of the brane respec-
tively, g(5) is the determinant of the five-dimensional (5D)
metric and g the determinant of the four-dimensional
(4D) one, m(5) is the 5D Planck mass, R(5) is the 5D
scalar curvature, K is the extrinsic curvature and Λ is
the 5D cosmological constant, £+ is the Lagrangian of
the fields content in the exterior brane (spin zero) and
£− is the Lagrangian of the fields content in the interior
brane (spin one). The bulk can be described with the
natural coordinates in the form [12]
ds2(5) = −A(a)±dt2±+
1
A(a)±
da2
+ a2
[
dχ2 + sin2(χ)
(
dθ2 + sin2 θdϕ2
)]
. (2)
Now we solve the 5D Einstein equations R(5)AB =
2
3Λ
±g(5)AB with (A,B = 1, · · · , 5) for the most general
A(a)± function, we obtain
A(a)± = 1−
2M±
m3(5)a
2
−Λ
±
6
a2, (3)
where 2M
±
m3
(5)
is the mass parameter of the AdS-S(5) black
hole [23] and Λ
±
6 is the 5D cosmological constant in the
bulk.
On the other hand, if we consider the location of the
two 3-brane by t = t(τ), a = a(τ) parametrized by the
time τ in the brane, we have the induced four dimensional
metric given by
ds2(4)i= −dτ2+a2i (τ)
[
dχ2 + sin2(χ)
(
dθ2 + sin2(θ) dϕ2
)]
,
(4)
3where the subindex i = 1, 2 denote the two branes, having
in mind that a1 < a2. The functions t(τ) and a(τ) are
then constrained by
uνuν = gµνu
µuν = −A(ai)t˙2 +A(ai)−1a˙2i = −1, (5)
being uµ =
(
t˙, a˙i, 0, 0
)
the brane velocity. The dots rep-
resent here differentiation with respect to τ . We define
the unit normal vector on the two branes n±µ such that
n±µ u
µ = 0 and n±µ n
±µ = 1, their components are given
by
n±µ = ±
(
a˙i,−A(ai)−1(A(ai) + a˙2i )
1
2 , 0, 0
)
. (6)
Following [28], [24], [1] we can construct the extrinsic
curvature using the equation
Kµν= −gλµ∇λnν . (7)
The no null components of Kµν can be written as
K±tt = −
(
a¨i +
1
2
∂A(ai)±
∂ai
)
(a˙2i +A(ai)±)
1
2
, (8)
K±χχ = K
±θ
θ = K
±ϕ
ϕ =
(
a˙2i +A(ai)±
) 1
2
ai
. (9)
With the equations of motion of the brane, it follows [1],
[28], [24]
[K] gµν−[Kµν ] = k2(5)Tµν , (10)
∇νT νµ = − [Tµn] , (11)
where k2(5) =
8pi
m3
(5)
, [Kµν ] = K
+
µν−K−µν and Tµν is the
energy-momentum tensor. Using equation (9) we find
(
a˙2i +A(ai)−
) 1
2 − (a˙2i +A(ai)+) 12 = ai3 k2(5)ρi, (12)
where we are supposing that the matter content of the
branes can be represented as perfect fluids with density
ρi and presion Pi [1], [28], [24].
The equation (11) represents the energy-momentum
conservation on the brane, given by
d
dt
(
ρia
3
i
)
+ Pi
d
dt
(
a3i
)
= 0. (13)
We will use the equation (12) to give a physical interpre-
tation of the model.
III. THE MODIFIED FRIEDMANN
EQUATIONS.
In this section we write the field equations of the
model. First observe that we have to distinguish be-
tween three vacuum regions, the first one is located in-
side the interior brane, we call it region I, the second one
is located between the branes, region II, and the third
vacuum region surrounds the exterior brane, region III,
(see FIG. 1). Now consider the following analogy with an
electromagnetic system. Imagine two charged conduct-
ing parallel plates with opposite charges, we know that
in the region in between the plates, there exist an electric
field induced by the charges on the plates, while in the
surrounded region, the electric field vanishes. If we now
suppose that the branes are the plates and the electric
charge is the gravitational field, the analogy tell us that
it should exist an extreme difference between the expec-
tation value for the vacuum in the region in between the
branes and zero in the exterior region, having in mind
that in the linear regime, the electromagnetic and the
gravitational fields behave in the same way.
Thus, for the region inside of the interior branes (region
I), equation (3) becomes
A(a1)− = 1− Λ1
6
a21, (14)
since there does not exist a gravitational potential inside
of the interior brane. But in the region in between the
branes (region II), the equation (3) can be written as
A(a1)+= 1− 2M1
m3(5)a
2
1
−Λ2
6
a21, (15)
where M1 is the mass of the interior brane. If we substi-
tute the equations (14) and (15) into equation (12), we
have
a˙21
a21
+
1
a21
=
k4(5)ρ
2
1
36
+
Λ1+Λ2
12
+
M1
m3(5)a
4
1
+
(Λ2−Λ1)2
16ρ21k
4
(5)
+
9M21
m6(5)k
4
(5)ρ
2
1a
8
1
+
3M1(Λ2−Λ1)
2m3(5)a
4
1k
4
(5)ρ
2
1
. (16)
On the other hand, inside of the exterior brane (region
II again) we have
A(a2)−= 1− 2M1
m3(5)a
2
2
−Λ2
6
a22. (17)
Finally, outside of the exterior brane (region III), the
total mass is M = M1+M2. Therefore we have
A(a2)+= 1−2(M1+M2)
m3(5)a
2
2
−Λ3
6
a22. (18)
4Again, we substitute the equations (17) and (18) into the
equation (12), to obtain
a˙22
a22
+
1
a22
=
k4(5)ρ
2
2
36
+
Λ3+Λ2
12
+
2M1+M2
m3(5)a
4
2
+
(Λ3−Λ2)2
16ρ22k
4
(5)
+
9M22
m6(5)k
4
(5)ρ
2
2a
8
2
+
3M2(Λ3−Λ2)
2m3(5)a
4
2
k4(5)ρ
2
2
. (19)
Expressions (16) and (19) are the Friedman equations
on the interior and exterior branes respectively. In both
equations, (16)) and (19), the third, fourth, fifth and
sixth terms are present only if the assumption of Z2-
symmetry is dropped out. Both equations, (16) and (19),
are in agreement with Ida et. al [12], except for the third,
fourth, fifth and sixth terms which are characteristic of
the proposed model.
IV. THE SCENARIOS
According to the brane world scenario, it is natural to
assume that the matter component consists of the brane
tension σ and the ordinary fields ρsf, and ρm, such that
the brane densities are given by
ρ1 = ρsf + σ, P1 = psf − σ, (20)
ρ2 = ρm + σ, P2 = pm − σ, (21)
where ρm and pm denote the energy density and the pres-
sure of the matter with spin one interactions before the
collision. After the collision we can interpret ρm and pm
as radiation in the early universe (high energy regime)
and as baryons plus radiation plus neutrinos, etc., in the
late universe (low energy regime). ρsf and psf denote
the energy density and the pressure of the self interact-
ing scalar field respectively and σ is the constant brane
tension [12].
Now we assume two scenarios on the branes, the first
one corresponds to very big densities and the second one
when they are very small in comparison with the tension
σ, that is ρi σ and ρi σ, i = sf, m.
A. High Energy Limit in the Early Universe.
First we analyse the branes when ρi σ , i = sf, m.
This scenario corresponds to the universe before the col-
lision. We assume the next fine tuning conditions on
the interior brane 16Λ1 =
2
3Λ(5),
1
6Λ2 = − 23λ(5), with
k4(5)= 36
κ2(4)
3
1
2σ where λ(5) ∼ (1018GeV )4 is of the order
of magnitude of the quantum fluctuations of the vacuum
predicted by the standard model [6]. We replace the pre-
vious conditions and equation (20) in equation (16) to
obtain
a˙21
a21
+
1
a21
=
κ2(4)
3
ρsf
(
1+
ρsf
2σ
)
+
(4)
Λ 1
3
+
M
m3(5)a
4
1
[
1− σ(Λ(5) + λ(5))
2κ2(4)σρsf
(
1 +
ρsf
2σ
)
+ σ2κ2(4)
]
+
3M2
m6(5)a
8
1κ
2
(4)
σ
4σρsf
(
1+
ρsf
2σ
)
+2σ2
, (22)
with
(4)
Λ 1 =
κ2(4)σ
2
+(Λ(5)−λ(5))
+
σ(λ(5)+Λ(5))
2
4κ2(4)σρsf
(
1+
ρsf
2σ
)
+2σ2κ2(4)
. (23)
This is because in the high energy limit it follows that
ρ2sf ∼ 2σρsf
(
1 +
ρsf
2σ
)
+σ2,
For simplicity we assume the ansatz M1 = −M2 =
−M with non physical interpretation. Then, imposing
ρsf σ and proposing κ2(4)σ ≈ λ(5) we obtain
a˙21
a21
+
1
a21
≈
κ4(4)
3
ρ2sf
2λ(5)
+
(4)
Λ 1
3
+
M
m3(5)a
4
1
, (24)
with
(4)
Λ 1 = −
λ(5)
2
. (25)
In the same way, for the exterior brane we can set the
next fine tuning condition 16Λ3 =
2
3Λ(5). Again, if one re-
place the previous conditions and equation (21) in equa-
tion (19), we obtain
a˙22
a22
+
1
a22
=
κ2(4)
3
ρm
(
1 +
ρm
2σ
)
+
(4)
Λ 2
3
+
M
m3(5)a
4
2
[
−1 + σ(Λ(5) + λ(5))
2κ2(4)σρm
(
1 + ρm2σ
)
+ σ2κ2(4)
]
+
3M2
m6(5)a
8
2κ
2
(4)
σ
4σρm
(
1 + ρm2σ
)
+ 2σ2
, (26)
with
5(4)
Λ 2 =
κ2(4)σ
2
+(Λ(5)−λ(5))
+
σ(λ(5)+Λ(5))
2
4κ2(4)σρm
(
1+ρm2σ
)
+2σ2κ2(4)
. (27)
Again, we have set the limit condition
ρ2m ∼ 2σρm
(
1+
ρm
2σ
)
+σ2,
Thus, in the limit where ρm σ and κ2(4)σ ≈ λ(5), we
obtain
a˙22
a22
+
1
a22
≈κ
4
(4)
3
ρ2m
2λ(5)
+
(4)
Λ 2
3
− M
m3(5)a
4
2
, (28)
with
(4)
Λ 2= −
λ(5)
2
. (29)
The relations (24) and (28) are the Friedmann equations
for the early universe of the model. Observe that the
density ρsf appears quadratic in these equations, thus,
the brane containing the scalar field inflates, even with
a very small scalar field mass and collides with the ex-
terior one, where the matter content is only of spin one
interactions and the brane expands without inflation.
B. Low Energy Limit in the Late Universe.
In the same way we analyse the regime ρi σ, i =
sf, m for the late universe using the same conditions as
in the previous regime. We obtain the next two relations
for the branes 1 and 2.
a˙21
a21
+
1
a21
=
κ2(4)
3
ρsf
(
1+
ρsf
2σ
)
+
(4)
Λ 1
3
+
M
m3(5)a
4
1
[
1− σ(Λ(5) + λ(5))
2κ2(4)σρsf
(
1 +
ρsf
2σ
)
+ σ2κ2(4)
]
+
3M2
m6(5)a
8
1κ
2
(4)
σ
4σρsf
(
1+
ρsf
2σ
)
+2σ2
, (30)
a˙22
a22
+
1
a22
=
κ2(4)
3
ρm
(
1 +
ρm
2σ
)
+
(4)
Λ 2
3
(31)
+
M
m3(5)a
4
2
[
−1 + σ(Λ(5) + λ(5))
2κ2(4)σρm
(
1 + ρm2σ
)
+ σ2κ2(4)
]
+
3M2
m6(5)a
8
2κ
2
(4)
σ
4σρm
(
1 + ρm2σ
)
+ 2σ2
,
with
(4)
Λ 1 =
κ2(4)σ
2
+(Λ(5)−λ(5))
+
σ(λ(5)+Λ(5))
2
4κ2(4)σρsf
(
1+
ρsf
2σ
)
+2σ2κ2(4)
,
(32)
(4)
Λ 2 =
κ2(4)σ
2
+(Λ(5)−λ(5))
+
σ(λ(5)+Λ(5))
2
4κ2(4)σρm
(
1+ρm2σ
)
+2σ2κ2(4)
.
(33)
In the same way as before, this is because ρ2i =
2σρi
(
1+ ρi2σ
)
+σ2, (i = sf,m). Then, imposing the condi-
tion ρi σ , i = sf, m and again κ2(4)σ ≈ λ(5), we obtain
a˙21
a21
+
1
a21
≈
κ2(4)
3
ρsf+
(4)
Λ 1
3
+
3M2
2m6(5)λ(5)a
8
1
, (34)
a˙22
a22
+
1
a22
≈
κ2(4)
3
ρm+
(4)
Λ 2
3
+
3M2
2m6(5)λ(5)a
8
2
, (35)
where now we find the remarkable result that
(4)
Λ 1,2 = Λ(5).
Thus, we can fix the cosmological constant Λ(5) ∼
(10−12GeV )4 such that
(4)
Λ 1,2 have the value of the clas-
sical observed 4-dimensional cosmological constant [6].
The relations (34) and (35) are the Friedmann equations
for the late time universe and give the dynamics of the
branes. From the similitude of equations (34) and (35)
we observe that both branes could have a very similar
dynamics in the late time universe. We conclude that
we can fix the free parameter of the model in order that
both branes expand together.
V. THE DYNAMICS
A. The Inflation in a Spherical Geometry.
Now we can follow the dynamics of the branes. The
main idea of the model we are dealing with here is
not to fix the initial conditions a1(0) = something,
a2(0) = something else, etc. Instead of that we set the
initial topology of the model as follows. Suppose there
exist two concentric S3 branes, in the interior one with a
very small radius lives a scalar field; in the exterior brane
live the particles of spin one. The matter contained in the
exterior brane has a state equation p = (γ − 1)ρ, which
6density evolve as ρ˙ + 3 a˙aγρ = 0 with the equation (13).
During the early universe the expansion of the brane fol-
lows equation (28), thus the exterior brane evolves as
a˙22 + 1 =
κ4(4)
3
ρ20
2 a6γ−22 λ(5)
+
Λ2
3
a22 −
M
m3(5) a
2
2
, (36)
or, if we derive this expression with respect to t, we arrive
at
2 a¨2 = −(6γ − 2)
κ4(4)
3
ρ20
2 a6γ−12 λ(5)
+ 2
Λ2
3
a2
+ 2
M
m3(5) a
3
2
. (37)
If during this period the exterior brane is dominated by
matter, the first term goes like ∼ a−5, if this brane is
dominated by radiation, this term goes like∼ a−7. In any
case, during this period the first term dominates over the
other two, indicating that this brane starts with a very
big negative acceleration but decreasing its acceleration
very fast.
On the other brane the situation is very different due
to the fact that the interior brane is permeated with a
scalar field, its evolution is governed by equation (24).
During the epoch when the density is enough big, such
that the two last terms on the right hand side of equations
(24) can be neglected, in the slow-roll approximation this
equation reduces to
H2 '
(
8pi
3m2(4)
)
V
[
1 +
V
2σ
]
, (38)
Φ˙ ' − V ′
3H
. (39)
where V is the scalar field potential. Then, using the two
slow-roll parameters
 ' 2
κ2(4)
(
V ′
V
)2
1 + V/σ
(2 + V/σ)2
, (40)
η ≡
m2(4)
8pi
(
V ′′
V
)[
2σ
2σ + V
]
, (41)
if, for example, the scalar field potential is an exponential
one V = V0 exp(−ακ(4)φ),  is given by [8]
 ' 2α
2σ
V
. (42)
During this period V/σ >> 1 [20], thus  < 1 and the
brane inflates till  ∼ 1, this is, till the scalar field po-
tential reaches the value Vend ∼ 2α2σ. If the potential is
V = 12m
2
φ φ
2, the slow-roll parameter reads
 ∼ 8
κ2(4)
1
φ2
1 + V/σ
(2 + V/σ)2
=
m2Pl
pi φ2
1 + V/σ
(2 + V/σ)2
,
that means that if V >> σ, inflation ends when the scalar
field reaches the value φ2 ∼ 1pi σV m2Pl. For both poten-
tials, the interior brane inflates and collide with the exte-
rior one, heating the branes very fast. The heating of the
branes essentially depends on the interaction constant
between the scalar field and the matter and, of course,
on the speed of the collision. Inflation in the interior
brane also grows the quantum fluctuations of the scalar
field, in such a way that after inflation ends, the inte-
rior brane contains a spectrum of semiclassical potential
wells which become the seeds for the structure formation
in the exterior brane. Between these two regimes, during
the branes collision, the physics of the system is just like
in the Ekpyrotic model [3]. During the collision, quan-
tum gravitational effects due to the interactions of both
space-times take place. From this moment, both branes
follow the dynamics of equations (34) and (35), indicat-
ing that both branes expand with the same dynamics.
The scalar field riches the minimum of its potential im-
plying that, from this period on, the scalar field potential
has a behaviour like ∼ φ2. The scalar field in the inte-
rior brane induces potential wells into the exterior one
via gravitational interaction, which evolve as cold dark
matter (see [16]).
B. The Scalar Field as Dark Matter.
As we have explained before, the scalar field confined
on the interior brane produces potential wells along the
whole brane, caused by the extreme growing of the scalar
field fluctuations during inflation. On the exterior brane,
matter feels this potential wells as an extra gravitational
force, but it cannot detect the scalar field in any other
way. In order to fit cosmological and galactic obser-
vations, the scalar field mass measured in the exterior
brane must be ultra-light, such that msfdm ∼ 10−22eV.
This ultra-light mass causes, of course, a problem of hi-
erarchy, however this problem can be solved using the
prescription of Randall-Sundrum [2] as follows.
The scalar field part of the action on the interior brane
reads
Sinterior =
∫
d4x£sf =
∫
d4x
√−g [gµνφ,µφ,ν +m2sfφ2] .
(43)
Using normal Gaussian coordinates for the AdS metric
ds2 = e−2kyηµνdxµdxν + dy2, action (43) translated into
the exterior brane reads
Sexterior =
∫
d4x
[
ηµνφ,µφ,ν +m
2
sfdmφ
2
]
, (44)
7with the identification eξyφ −→ φ and e−ξymsf =
msfdm, where ξ
2 = Λ
6M3
(5)
. As long as the two branes
expand together, y remains constant after the collision.
Thus, with this prescription it is enough that ξy v 82,
for instance, with the scalar field mass msf ∼ 5×105M(5)
[30]. That means, we obtain the required ultra-light mass
of the scalar field on the exterior brane through a scalar
field on the interior one. Furthermore, this ultra-light
mass sets a minimum distance between the branes.
With this mass, that means, with only one free pa-
rameter, the scalar field on the exterior brane behaves
exactly in the same way as Scalar Field Dark Matter
(SFDM) [15] with the following important features:
The ultra-light scalar field mass (mSFDM ∼ 10−22eV)
fits:
1. The evolution of the cosmological densities [16].
2. The rotation curves of galaxies [31] and the central
density profile of LSB galaxies [5],
3. With this mass, the critical mass of collapse for a
real scalar field is just 1012M, i.e., the one obe-
served in galaxies haloes [4].
4. The central density profile of the dark matter is flat
[5].
5. The scalar field has a natural cut off, thus the sub-
structure in clusters of galaxies is avoided natu-
rally. With a scalar field mass of mφ ∼ 10−22eV
the amount of substructure is compatible with the
observed one [17].
6. SFDM forms galaxies earlier than the cold dark
matter model, because they form Bose-Einstein
Condensates at a critical temperature Tc >>TeV.
So, if SFDM is right, we have to see big galaxies at
big redshifts.
VI. CONCLUDING REMARKS
The question we are facing on here is the following; is
it possible that the universe has the dynamics we observe
because of its global topology? This question makes sense
if we start from the 4D general Einstein equations in
vacuum, Rµν − 1/2 gµνR − Λ gµν = 0. This equation is
completely geometrical, there is no matter content in it.
The Friedman equation for this case is
a˙2
a2
+
k
a2
− κ
2
3
Λ = 0,
where k = 0,±1 for a flat, S3 orH3 topology respectively.
Or, in a more convenient form for our goal here, we can
write it as
1
2
a˙2 − κ
2
6
Λ a2 = −1
2
k,
which can be seen as a (1/2)a˙2 +V = E dynamical equa-
tion. We observe that even when there is no matter, the
space-time posses a dynamics. Even if there is no cosmo-
logical constant Λ = 0, it is enough that k 6= 0 to have a
dynamical universe. In other words, it is sufficient that
at the beginning, the global topology is fixed to have a
specific dynamics.
In this work we consider a special global topology of
the universe, namely, two concentric spherical branes and
some content of matter with different interactions in each
region of the universe: fundamental interactions of spin
zero confined in the interior brane, fundamental interac-
tions of spin one confined in the exterior brane (the brane
that will lead to the standard model) and gravitation in
the bulk. We find that the spin zero interactions inflate
the interior brane, making this brane to collide with the
exterior one due to the concentric topology, we assume
the branes heat because of a small interactions constant
between the spin zero and the spin one particles.
After the collision, both branes expand together as
shown by equations (34) and (35). The scalar field fluc-
tuations build potential wells which are seen as SFDM in
the exterior brane via the RS prescription, with the idea
showed in the equations (43), (44). However, in the exte-
rior brane we expect that the collision provokes the exis-
tence of particles with fractional spin and spin one, giving
the zoo of particles predicted by the standard model like
in the Ekpyrotic or Cyclic models [29]. This idea is very
interesting, but so far there does not exist mathematical
evidence to back it up. It is important to remark that
during the collision it is impossible to analyse all the in-
teractions with the classical theory of general relativity
due to the quantum-gravitational effects and the interac-
tions between the fields that permeates both branes.
Thus, in this model the universe expands as we see it,
but the particles of the standard model can not inter-
act with the scalar field particles because they are con-
fined in the interior brane and the standard model ones
are confined in the exterior one. The five-dimensional
cosmological constant Λ is pure geometrical and can be
seen as a second free constant of this toy model. The
extreme difference between the expectation values in the
interior and exterior branes can be explained using an
analogy with electromagnetism. If the fields in the 5D
bulk produced by the branes, behaves like a electromag-
netic field, remember that for a weak field, linearised Ein-
stein equations are analogous to the electromagnetic one,
then there exist a huge expectation value inside of the re-
gion between the two branes which is associated with λ,
while in the exterior region the expectation value is zero.
The benefit of working with spherical branes is the nat-
ural acceleration predicted by this kind of models where
the acceleration starts at redshift z > 0.3 in agreement
with the observations [14]. It is important to see that
the acceleration does not depend much on the particular
matter content, only on the geometrical features [11].
In future works it is necessary to analyze the perturba-
tions on the exterior and interior branes [30], we expect
8that the scalar field fluctuations reproduce the large scale
structure, CMB [27], Sachs-Wolfe effect [21] etc. In the
same way it is necessary to generalize the RS prescrip-
tion in a global point of view where there exist a natural
expansion and acceleration of the branes.
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